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EARLY I OWING BASINS 



.7h o a w ork on the original N • A • C • A * tank was "be gun i n 
1929, there were few precedents that could "be used in its 
design. The construction, equipment , and methods of test- 
ing of most of the towing "basins in existence had teen de- 
veloped to suit the study of Models of hulls of displace- 
ment craft. The resistance of such a model was determined 
with the expectation that it would be divided into M fric- 
tional" resistance and "wavc-nrking , » or "residuary," re- 
sistance according to the Proud e method and that the re- 
sistance of the full-size craft would "be estimated by com- 
puting the frictional resistance independently and adding 
the wave-making resistance obtained by stepping up that of 
the model according to Proude 1 ^ law. 

The principal interest was in resistance at uniform 
speed, corresponding to the interest of the ship operator 
in the ability of a ship to maintain a certain operating 
speed indefinitely with a minimum of power, ffhai would 
happen at extremely high speeds was of little interest pro- 
vided that t he resistance at the designed speed was low. 

The towing carriages of most of the model basins were 
made of structural-steel sections and plate riveted togeth- 
er and usually had four wheels with hardened and ground 
steel tires. The wheels ran on steel rails that resembled, 
railroad rails and that were machined to provide a straight, 
smooth, and level course for the wheels. 

The maximum speed of most of the carriages was less 
than 15 miles per hour. 



THE ORIG-IIJAL N.A.C.A. TANK 

With such precedents, we "began the design of a towing 
basin into n d ed to test m o d e 1 s of seaplane floats and hulls. 

* w Per vergro'sserte N AC A - S c h 1 e ppkan a 1 und einiges uber seine 
Arboitsweise. " Jahrbuch 1938 der deuts often Luf tf ahrtf orschung 
(supplementary volume), pp. 374-95. 
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These nodels were of craft that were not true water craft 
at all out used the water only as a means of temporary sup- 
port when at rest, when landing, or when taking off into 
their proper element - the air. When the craft was in mo- 
tion, the load on the water varied; in a take-off it changed 
continually from a maximum to zero as the machine passed 
from one element to the other. The water resistance varied 
from zero to a maximum and "back to zero as the speed in- 
creased, and could not he divided into frictional resistance 
and wave-making resistance in any simple manner because the 
wetted surface varied continually through the take-off run. 
Fortunately, the full-size aircraft were not very large - 
compared with ships - and models of moderate size would rep- 
resent them to relatively large scale, and thus would tend 
to reduce any difficulties from scale effects. 

It was clear that the new tank must have a towing car- 
riage capable of high speed and that, in consequence, the 
tank must he much longer than the usual ship tank and much 
greaiter power must he provided to propel the carriage at 
the greater speed. More powerful devices for stopping the 
carriage at the end of the run must he installed and in or- 
der to avoid sliding wheels and damage to tires and rails, 
additional length must he provided for starting and stopping 

The most influential factor of all, however, was the 
requirement that the cost must he rigidly restricted because 
the funds available were very limited. This restriction 
meant that attention - and money - must be concentrated on 
the absolutely essential features of basin and carriage and 
that everything else must be reduced to the barest minimum. 

A workable solution of the problem just outlined v;as 
obtained by devising methods of construction, types of 
equipment, and means of operation that had never before been 
used in towing basins. Among the novel features of the orig 
inal IT.A.C.A. tank, which is described quite fully in refer- 
ence 1 , w ere; 

1. A basin 1980 feet long, intended to give the towing 

carriage a sufficient length of run to take usable 
readings at its maximum speed. 

2. Running rails made of structural H beams which, althoug 

not machined, nevertheless gave a sufficiently smooth 
surface for the tires of the towing carriage. 

3. A towing carriage that had a maximum speed of 60 miles 

per hour (88 ft. per sec.) cind hence could tow large 
models of seaplane floats at speeds corresponding to 
high get-away speeds. 
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4. Pneumatic rubtoer tires on oho running wheels of the 
towing carriage , upon which the carriage ran 
smoothly in spite of the slight roughness of the 
surface of the rails and which gave greater adhesion 
than steel tires, thus making it possible to accel- 
erate and decelerate at very high rates. 

In general, each of the novel features incorporated in- 
to the original design has worked well and, to compensate 
for a few difficulties, advantages have appeared that were 
not foreseen when the original ideas were proposed. The use 
of the H benm rails and the rubber tires was proposed by the 
writer as a method of making a considerable saving in the 
cost of the tank. It was not until the detail design was 
begun that the potential effect on the starting and stopping 
of the carriage, because of the greater coefficient of fric- 
tion on the rails, was perceived and advantage taken of it. 

The high maximum speed of the towing carriage in combi- 
nation with the rubber tires provided the anticipated abili- 
ty to attain speed quickly and thus to use the length of the 
tank to the full in normal running. The length of the tank 
was found to be sufficient for a test run of about 10 seconds 
at 30 miles per hour but, at speeds under 30 miles per hour, 
from 2 to 8 test points could be obtained during a single 
run of the length of the tank, the larger number naturally 
corresponding to the lowest speeds used. This method of op- 
eration considerably increased the amount of work that could 
be done in a given time. 

G-ood as were the results obtained with the original 
IT.A.C.A. tank, the rapid development of seaplanes and the 
increasing work required of the tank soon made it plain 
that even better performance would be required, and in 1936 
serious consideration, was given to proposals to enlarge it. 

The primary reasons for enlarging the tank were to in- 
crease the amount of work that could be done in a given 
tine and to be able to tow Larger models at higher speeds. 
As has been stated, the length of the tank was found to be 
sufficient to provide a run of about 10 seconds at 88 feet 
per second. It was also founa, however, that generally onl2/~ 
one point cotild be gotten in a run if the speed exceeded 40 
feet per second. Inasmuch as a good many tests -with large 
models required test runs at speeds up to 50 feet per second 
and, occasionally, to GO feet per second, many of the runs 
gave but one point. It was clear that, if the tank were 500 
feet longer, at least one additional point per run could be 
obtained at the higher speeds, and more at the lower ones, 
and the time lost in accelerating and braking would become 
a smaller part of the total time of the run. 
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Furthermore, the do vol op in cut of even larger and faster 
seaplanes was being discussed as a serious matter; and, 
inasmuch as tests of models of such craft would require 
higher speeds of the towing carriage , the proportion of 
single-yoint runs would "be increased, with a consequent 
reduction in the amount of work accomplished. These facts 
indicated that an increase in the length of the "basin and 
increases in the speed and the power of the t owing carri- 
age would "be desirable, 

A survey of the available space showed that the maxi- 
mum amount by which the length of the has in could he in- 
creased was 900 feet .and the extension of the tank hy that 
amount was authorized. The enlarged tank was opened for 
work in October 19 37. The relative lengths of the origi- 
nal and the enlarged tank car he seen in figure 1* 



PRINCIPAL CHARACTERISE I OS OS 1 THE ENLARGED 1T.A.C.A. TANK 

The most conspicuous of the features of the enlarged 
IT.A.C.A. tank are derived directly from those of the orig- 
inal tank and owe their present form not only to the rea- 
sons for their first use hut also to the experience Ob- 
tained with them. As in the original tank, there are: 

1. A has in of great length (new 2,880 ft • ) f 

2. Rails made of structural H beams 9 without machining 

3. A towing carriage of very high speed (now 80 n.p.h. 

maximum ) . 

4. Rubber tires on all the wheels, pneur.catic on the 

running wheels and solid on the guide wheels. 

These features, together with some related matters, 
v/ill now he discussed in more detail, in order that their 
effects on the methods of testing models and the methods 
of recording data may he more cle<arly seen. 

Basin . - The reinforced concrete "basin of the enlarged 
F.A.C.A. tank has the following dimensions: 

Feet 



Length on water, extreme .3,920 



normal width of water surface 



24 
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Fee t 

ITornal depth of water IS • 

Length of 13-foot depth 2 f 88Q 

In the old part of the tank the side walls are coved 
in al-ovc tlie water in ^rder to Spring the rails closer to- 
gather and also to help reduce fcho waves. In the exten- 
sion the side vails entend vertically- above the water 
level for 15 inches and then meet the horizontal lower 
surface of the overhangs tnat correspond to the original 
coves. The purpose af this char:;:e in section is to n.ake 
it possible for waves to run freely in the extension when 
the wave suppressors are removed, although they w ill "be^;in 
to dissipate when they strike the coves in the old section* 

The two sections arc compared in figure 2. 

The canopy of the extension is practically the sane 
in structure and arrangement as that of the original tank. 

She rails upon which the towing carriage runs are 

structural H beans set with the wet verticil, as in the 

original tank , and --re supported on chairs of the sane 
type as in the original ijank. 

Tcwin i c ar riage . - The ori 0 i:;;d towing carriage of the 
N.A. C«A« tank had four wheels, each fitted \*ith a large 
pneumatic tire of the type used on high-speed "buses. These 
tires were not a standard type of tire "but were specially 
r.ade With smooth treads. The loads on each tire was a"bout 
5,000 pounds and the wheels and tiros were lar^e and heavy. 

Changing wheels and tires was a difficult and labori- 
ous process and it was concluded that operation would "be 
better if a s tandard-sizo tire could he used and the load 
per tire he. thereby reduced. These objectives were accom- 
plished by doubling the number of wheels and reducing their 
size to suit a tire that is regularly H&Ae with a snooth 
tread. -Doubling the number of wheels made it possible to 
double the number of propelling notors and thus to increase 
the acceleration and the maximum speed of the towing carri- 
age . 

The towing carriage used on the enlarged 1-I.A.C.A. 
tank, as shown in the diagram (fig* o) , was nade by remov- 
ing from the four corners of the old carriage the structure 
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that supported the wheels , the motors, and the gears | and 
replacing it by a Haw structure, within which are support- 
ed the trucks carrying the new wheels, the now notors, and 
the new gears* The new structure was made of steel tubing 
of the sane type and sizes used in the old structure; it 
was welded in itself and to the old carriage structure. 

Trucks . - The towing carriage now operates on eight 
wheels arranged in four groups of two. Each wheel is driv- 
en "by a 7 5-hursepower electric not or through a worn and 
gear and is net Mechanically connected to any other wheel. 
Each pair of wheels supports a truck that carries the two 
notors and supports the carriage through a pivot pin. The 
truck can rock freely on "belli "bearings on the pin and any 
slight irre ;ular it ios in the track cause loss vertical no- 
tion of the carriage itself than they did with the four- 
wheel arrangement* Autonotive practice has "been followed 
throughout and wheels now can he removed - for grinding tires, 
or repairs - about as easily as f r on the axles of an auto- 
no h i 1 e • 

This is believed to be the first use of equalized 
wheels arranged in trucks on Crarria^es for mowing basins, 
although it is realized that it reflects primarily the 
very special nature of the construction, equipment, and 
methods of work in use in the N.A.C.A. tank. 

The service brakes are autonotive and can also be 
operated by hand or by standard autonotive air-brake equip- 
ment controlled by a pedal. In order to save weight, the 
c onpr e s s ed-ai r reservoirs are charged through a hose fron 
a fixed compressor and reservoirs "ashore" and not by a 
conpressor on the carriage. 

Electrical braking - regenerative and d3 r nanic - is 
provided as it was on the old carriage; a track switch is 
orcvided so that when the carriage passes a certain point 
the dynanic broking is automatically applied. If the car- 
riage passes another point farther on, a second track 
switch operates and the air brake is applied full strength 
as in an emergency. The last resort in braking renains the 
grab brakes that were fitted on the original carriage. 

The possibility that a tire nay fail has been provid- 
ed for by fitting under each truck, but attached to the 
nain structure, a steel roller to receive the weight of 
the carriage and roll on the rail. The car need sink only 
half an inch to bring the roller into play. 
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The structure of the carriage proper is the sane afc 
in the original* Two cross girders are joined "by two 
outsicle girders and a central girder, and all are nade of 
steel tubing welded together. The deep central girder car- 
ries the dynanoneter and towing L -oar and a cab at the for- 
ward end carries the not or nan who controls the speed and 
braking of the carriage • 

The control of the speed of th e carriage is by the 
Ward Leonard systcn. Direct current is supplied to the 
field coils of all the notors at the constant to 1 tag© of 
340 volts and the speed is controlled by varying the volt- 
age of the cv.rrent applied to the not or arnatur s . 

A p o t a n t i 0 n e t e r rheostat, o p e r a t d & b y a n o t o r t h a t is 
controlled f r on the towing carriage, controls the excita- 
tion of the generator, supplying the armature current and 
thus controls both the voltage applied to the not or arma- 
tures and the speed of the carriage in either direction, 

She regenerative electrical braking of the carriage 
is controlled by the notor&ail* Bynanifc braking is aho 
applied when the pedal controlling the air brakes is de- 
pressed* 

The carriage draws its supply of power and its control 
Of speed and braking fron four pairs of trolley vires that 
extend the full length of the tank and are supported by 
catenary syst ens* One pair of trolley wires supplies in- 
dependent power to the carriage for lights , driving snail 
no tors, and the like* 

A second pair supplies the field current for the pro- 
pelling* notors, a third pair supplies the armature current 
for the propelling notors * and the fourth pair provides one 
control circuit for controlling speed and regenerative 
braking and another for controlling dynamic "braking* 

A snail not or- generator set Supplies 240-volt direct 
current for exciting the layge generator t for the field 
current of the propelling r:ctors, and for independent power 
on the carriage* A lar ;;e not or-r enerat or set, consisting 
of a 1 ,250-hersepov/er synchronous notcr and an 850 kw d.c. 
generator capable ->f supplying up to 850 volts, supplies 
current at variable voltage f.or the arnature circuits of 
the propelling notors. 

7he electrical co;aipr.ent differs cons i ierably fron that 
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in use in Hios t European tanks, particularly in that no 
"batteries are used and in that the unif orr.ii ty of speed of 
the towing carriage is dependent entirely on the uniform* 
ity of the voltage output of the motor generator sets. 

In connection with the extension of the tank, a two- 
S t ory office "building was added at the south end of the 
tank and the north end of the shop was extended 100 feet, 

Q-ocratiop. of jh'lTij^ 4 The data that are obtained on the 

towing carriage of the j.A.C.A. tank during the tests of a 
mode 1 arc : 

Sp 3 0d 

Eos i stance 
Tr in 

Tr imn ing m on en t 

Lift developed by the hydrofoil device 

Draft (or rise of center of gravity") 

The equipment for obtaining these quant it ies (the 
towing gear) consists of the djnanor.ot er , the towing girder, 
and the balance linkage and is arranged as shown on figure 
4. 

Speed is measured by dot orr.iining the distance traveled 
in definite tine. The distance is obtained iron the dis- 
tance tape, a steel tape 1 inch wide that extends fron one 
end of the tank to the other. It is secured at the south 
end of the basin and rests on supporting brackets that ex- 
tend "below the botton chords of the roof trusses. At the 
north end of the basin it passes over a sheave and is held 
under tension by a weight. Holes if 2 inch in diameter occur 
in the tape every 5 feet throughout its length. 

Two sheaves, carried above th@ top of the main girder 
of the carriage, lift the tape off the brackets and guide 
it through a horizontal slot in on,: side of a snail box. 
On one side of the slot is a source of light and on the 
other a photoelectric tube. The light bean normally is in- 
tercepted by the tape but falls on the tube each tine a 
hole passes through the slot and the energy generated in 
the tube causes a small solenoid to tilt a tiny mirror and 
deflect a beam of light. 
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The time is obtained from a clock that closes a cir- 
cuit for a enroll fraction of a second at intervals of one- 
half second and each time sends a small current to tilt a 
second mirror and deflect a second bean of light # 

Both of the mirrors just described aro located near 
the to,) of the dynamometer and the deflections of their 
beams of light are recorded on photostat paper in the 
c a:.: e r a on the top of the t ub e • 

Resistance is measured from the deflection of a stiff 
plate sparing mounted at the bottom of the large tube. The 
pull of the model is applied to the bottom of the spr inl- 
and causes a small deflection. This deflection is multi- 
plied by a lever extending upward within the tube, A 
stylus at the uj>por end of the lever bears against a flat 
plate that hangs vertically from an axis and is kept in 
contact with the stylus by a hair spring. A small hori- 
zontal mirror rests on the axis and moves with the verti- 
cal plate. 

A beam of light from a source at the upper end of the 
tube falls on the mirror and is reflected to the upper end 
of the tube and through a narrow slit in the bottom of the 
camera, where it falls on the same sheet of photostat pa]oer 
as the beams from the distance and time mirrors. A record 
is obtained by moving the photostat paper across the slit 
at a predetermined speed and thus recording the movements 
of all three mirrors as lines that appear when the paper 
is developed. 

The motion of the resistance mirror is followed by an 
observer - usually called the "dynamometer nan 11 - who 
watcher the motion of a spot of light on a screen at the 
side of the tube. This spot of light comes from a second 
source situated at one side of the recording one and, after 
reflection by the resistance mirror, falls on a long hori- 
zontal mirror from which it is reflected to the screen. 
The movements of a beam fro:: the time mirror also can be 
seen on the screen* and a fallurd of the lamps or of the 
t ime-indicat ing equipment can be instantly detected. 

This device has been used practically as described 
since the 17.A.C.A. tank began operation and, after various 
"teething troubles" were over, has given very good results * 
The principal trouble with it today is that the lamps al- 
ways select the most critical test point or run on which 
to burn out or to become tenparanental • 
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The towing girdor is a frar.c of wcldcc 1 steel tubing 
suGpcndod at the two ©ads "by stainless-steel tapes that 
run over the two sheaves to the end of the piston rod that 
rises f r on the danping cylinder and supports the counter- 
weight pan* The weight on the water, or load, of the nodel 
is do to mined "by the weight on the counterweight pan. The 
nodel is attached to the girder by the pivot fitting .at 
the hot ton. 

The forward end of the girder is extended and holds a 
roller that has a 7~shapcd groove in its face and rvns on 
the forward edge of the vertical bar of the "balance link- 
age. The vertical "bar has a T section and the outstanding 
leg is finished as a long knife edge to fit the groove in 
the roller. The length of the "bar is such that the girder 
nay he set for a nodel of alnost any depth and nay rise and 
fall with it to any reasonable extent without running off 
the bar. In oxt r one cases the bar can he raised or lowered 
by raising or lowering the whole dynanoneter on screws, 
hut the novenent is very rarely necessa-ry. 

As will he seen, the vertical bar is connected to the 
lower ends of two hell cranks by inclined extensions. 
These extensions are V- shaped in plan and the vertical legs 
01 the hell cranks are double. ffitia construction aives the 
vertical bar and the hell cranks s tahility against lateral 
notions of the girder. The forward extending legs of "both 
"bell cranks are brought together and their forward ends 
are joined by a single straight link. 

Fron the lower or-.', of a central third arn of the lower 
hell crank a link extends forward to the eye of the dynanon- 
eter spring. The construction of the linkage then is such 
that the pull exerted against the eye of the dynanoneter 
spring is always equal to the resistance of the nodel, no 
natter what the point on the vertical bar at which the pull 
of the resistance is applied* 

Vertical staffs on each hell crank support inertia 
"balance weights that can he so adjusted that their inertia 
v/ ill "balance alnost exactly the inertia of the girder and 
the nodel; and, in this n ami or , the deflection of the dyna- 
noneter spring, caused by accelerating the carriage, disap- 
pears and the tine re (paired to reach a steady reading is 
censi d e r ah ly r e due e d • 

The aynanone t or spring that is n est regularly used 
gives a novonent of the resistance line on the record of 
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8-1/ 2 inches for 18 pounds of rcsistanco, .When it is noc- 
©ssaary to moasr.ro a hi ghor vnJ.no, the auxiliary linkage 
with the upper weight pan is used to suppress the zero of 
t h e d yn am c m o t or. A 1 0 - p o un d w c i gh t i n t h o upp c r p an d o - 
fleets the dynamometer spring forward and it requires a 
10-pound pull on the vertical bar to bring the spring back 
to zero • 

Ilio dynamometer is calibrated "by placing weights in 
t h o p an o n t ho f o rw a r & 1 i nk , w h o r p t h e y p r o due o deflec- 
tions of tho dynanoiuoter spring exactly n s do pulls on the 
vert ical bar . 

If the zero reading of the resistance bean when viewed 
in the telltale screen is not on the zero line, it can he 
adjusted by a slight change in the tension of the adjust- 
ing soring that is located at the upper end of the forward 
link. 

The entire linkage is constructed of steel tuning and 
plate welded together and all the joints are fitted with 
ball bearings specially selected for concentricity and ra- 
dial clearance* The visitor may think the bell cranks and 
links rather crude. in appearance but the workmanship used 
in locating the centers and insuring that the lengths of 
all the parts are correct is of the very best* 

The knife edge on the vertical "bar is the only one in 
the system, [The use of "ball hearings in this service has 
"b^en very successful "but the secret of the success is the 
fact that no matter hovr smoothly the carriage runs there 
is always a vibration of small amplitude "but fairly high 
frequency. Iff hen vibra*in£- in this manner, "ball hearings 
have practically no friction and ire as effective as knife 
odges - and much simpler to use in construction. 

The maximum movements of the linkages arc extremely 
small - a 100-pound pull (rarely encountered) would cause 
the dynamometer spring to deflect about 0,05 inch at the 
lower eye* The actual measuring deflection, however, al- 
ways corresponds to the range between zero and 18 pounds 
because the weight in the upper pan counterbalances all "but 
the last 13 pounds. Although the device docs not give a 
measurement at zero position it is near enough for practi- 
cal purposes. 

With models of normal size, 7 to 9 feet lon 6 -, the 
usual accuracy with which the various quantities are meas- 
ured is believed to bo as follows: 
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Speed, ft. per sec. x O . 1 

Resistance, Id. 

Triro, degrees a: ' 1 
Irimming moment, lb. ft. ^1.0 
Load, *' z 
Draft, in. *• 1 

la special cases, these values nay be 'bettered to suit 
requirements; end, on the other hand, the conditions of the 
tests may make it impossible to realise them. 

The methods of measuring the trim and the trimming mo- 
ment are illustrated in enlarged detail at the side of fig- 
ure 4. For a free-to-trim test the actual center of gravity 
of the model is made to fall at the point corresponding to 
the center of gravity of the full size - the pivot point - 
by balance ••/eights, horizontal and vertical, The horizontal 
weights are usually inside the model, the vertical ones are 
fitted on the staff seen in the figure. Any notion of the 
model about the axis (center of gravity) is indicated by a 
pointer that swings with the model and indicates on a scale 
on the top of the girder. This scale is read by the observ- 
er seated alongside the model* 

In freo-to-trin tests the wing lift is simulated by 
the pull from a hydrofoil that runs submerged at the right 
rear' of the carriage. The hydrofoil is mounted on the lower 
end of a steel blade, the upper end of which is carried on 
a pin in the lower end of a vertical bar that operates be- 
tween guide rollers. The angle between blade and bar, and 
horco the angle of attack of the hydrofoil, is controlled 
by adjusting screws. The an vie of attach of the hydrofoil 
does not vary automatically with the trim of the model. 

The downward pull of the hydrofoil is transmitted 
through the vertical bar into the wire ropo by which it is 
suspended and thus to the axis at the center of gravity of 
the m o d c 1 . 

The lift generated by the hydrofoil is measured by a 
ring dynamometer in the line between hydrofoil and model, 
the extension of which is indicated by a dial gage that 
roads to 1/ 10 000 inch. A simple calibration enables the 
lift to bo obtained in .pounds. 
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fcfhcn the teste of the nodel are to "be nado according 
to the general method , first suggested by Secwald ( refer- 
ence 2) and developed by SchrSdcr (reference 3), the hydro- 
foil gear is tilted up out of the water and disconnected 
and the device is arranged to measure the tr inning n orients , 
as sho v/n in the lower right-hand diagran of figure 4„ £he 
load of the nodel is varied by changing the weight on the 
counterweight pan. The t r in is fixed, and any attempt of 
the nodel to change trin will he resisted by the trimning- 
noneiit spring. The deflection of this spring, which is a 
measure of the tr Inning n orient , can be read in thousandths 
of an inch on a dial gage that :ioasures the notion of the 
end of the pointer. The deflection of the spring is so 
snail (0.1° for naxinu:; moment) that neither trin nor re- 
sistance is changed enough to affect the measurements. 

The rise when free to trin, or thu draft at fixed 
tririi is indicated by the notion of the pointer on the end 
of the staff that rises ahovc the middle of the girder, 
as it novo s up and down over a scale. Usually the scale 
is set to read zero when the heel of the nodel at the step 
touches the water* 

Two electric tachoneters are operated f r on the shaft 
of one cf the propelling motors* One is placed .at the 
notornan l s position and is used to indicate the speed at 
which the carriage runs; the other is nounted under the 
carriage to the left of the nodel and above it. This ta- 
ch one tor is mounted in a frame upon wl^ich are se.t figures 
representing the run n*am"ber, the date, and the model num- 
ber. The run numher, the date, and the model number ap- 
pear on "both "back and front, the speed only on the front. 
Photographs may "be taken from a number of positions for- 
ward and aft of the model and provide a very good quali- 
tative record of the performance of the nodel • 

The enlarged tank and the altered carriage have op- 
erated practically as expected. The anticipated &ain in 
the niinber of points read per run has "been obtained without 
difficulty* The maximum number of points recorded in one 
run before the enlargement was 12 although the ustial maxi- 
mum was 8» It is now easily possible to record regularly 
14 or 15 points at the slower speeds. 
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THE METHOD 0? TA£lH& AUD HECORDIZTG DATA 



In the earlier work of the U.A.C.A. tank the tests 
v/er o all of the specific typo and the data were expressed 
quant itativoly in foot per second, pounds, and pound-feet. 
After the Introduction of the general method of testing 
it bo cane apparent that a hotter method of expressing the 
data was necessary and, with few exceptions, the data from 
the general type of test are novr expressed in the form of 
the well— known nondinens i onal coefficients. 



Load coefficient 



Resistance coefficient 



M on on t co officio n t 



Speed co of f ic ient 



Draft coefficient 



in which, in the E.A.C.A. tank, 



A 


is weight on water* or load, 


lb. 


v, 


speed | feet per s o c o n d . 






ro sistancc 9 lb . 






trimming moment , lb* -ft* 




a, 


draft, ft. 




w, 


specific w e i gh t of w a t e r , lb 


• per cu< ft. 




bean of hull , f t . 






acceleration of gravity, 32* 


2 ft, per s e c 



Ho those coefficients should "be added the ratio A/R. It 
should he reaenbered that in An or ice. this ratio is used as 



'E 



C 



V 



B 
wh 3 

M 

;t> 4 

v_ 
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generally as c, the pan in g nunber, is used abroad and 
that h/B. = l/c. 

It in relatively easy to obtain much of tho data di- 
rectly in coefficient form* The maximum load of tho nodel 
is nade to correspond to a round value of and the 

load is varied "by amounts that correspond to definite val- 
ues of C A , usually G.10, 0.05, and 0.025. Tho weights 
for providing these amounts arc covered metal "boxes and 
the correct weight of each is obtained "by fitting sheet 
lead and fine shot into pockets inside the box, 

The method of taking and recording data can "best "be 
understood "by following the operation in detail for a part 
of a tost of I7.A.C.A. nodel 74-A, nade according to the 
gen oral me thod • 

Before the tost begins, it is decided at exactly what 
speeds, loads, and trims the data will he taken. The 
ranges for the various quantities arc usually decided froa 
experience and information concerning the type or the pur- 
pose of the fern that is to "be tested. 

Speeds are not prescribed by coefficient because they 
cannot be set v/ith sufficient accuracy. Instead, the 
speeds are prescribed in steps of 1 or 1.5 feet per second 
in the region of the hump and below, 2 or 3 feet per second 
just after the hunp, and usually 5 feet per second at high 
speeds. 

Loads are prescribed by coefficient, usually beginning 
with C A = 0.025 or 0.050, then C A = 0.10 and continuing 
to increase by values of = 0.10 to the maximum to be 

investigated. 

Triiis can be prescribed tc decrees or half degrees. 
Usually the trin is varied by 2° increments over a range 
that will include the zero a ones t and the lov/est resistance. 

It should be emphasized, hov/ever, that no program is 
rigid. If anything develops during a test that indicates 
a need for a change or an extension, the program is altered 
to suit the need. Each set of data is plotted immediately 
after it is obtained and. the program may be modified con- 
tinually as required. 

Tho crew required for making a test according to the 
general method consists of the following. 
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A not ornau is stationed at the forward end of 

the contcrlino girder. Ho controls the speed 
of the car ri ago as directed and endeavors to 
nako it precisely ifrhat was called for "but ob- 
serves a tachometer and records the speed in- 
d i c a t e d • 

A M d7r.arvor.1c t or nan. tt is stat iomed at the dynamom- 
eter. Ho ohsorvos on the screen of the dyna- 
m motor the motion of the spot of light that 
indicates the resistance, records its position 
for each set of data, and operates the switch 
that causes tha camera to take a record. Be- 
. fore start in.; operation,' he "checks the zero 
reading and, during the run, he nakes such 
adjustments of the zero as are necessary "by 
putt in.;; weights in the zero correcting pan. 

A crew chief is stationed "beside the towing 

girder* He sets the trim at which the model 
is tc he towed and reads the draft and the dial 
indicating the trim nonent while it is "being 
towed. (In f ree-t o-t r in tests he reads the 
triia, the rise of the center of gravity f and 
the dial that indicates the lifting force de- 
veloped "by the hydrofoil.) He also acts as a 
captain for the crow, records and plots the 
d a t a , run "o y r un , an d directs ch an q as in 1 0 ad 
and speed. 

In the ahser.ee of the project nan he is in charge 
of the tests., 

A "weight nan" is stationed just behind the large 
danping cylinder and the counterweight pan. 
He changes the weights on the pan, when and as 
directed, in order to produce definite loads 
on the water* 

The "project man" has no fixed station. He is in 
charge of the test and observes and records 
the. "behavior of the model as i't is related to 
any of the variahles. Ke nay change the pro- 
g r an as ho desires. 

The nan at the control desk keeps the voltage of 
the field current constant, notes the maximum 
arnature current indicated, and notes the speed 
indicated hy a voltmeter in the armature cir- 
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cult that is calibrated in foot per second. 
On signal from the carriage, he reverses the 
notion of the carriage. Ho can stop the car- 
riage at any tine and f if desired, could con- 
trol its speed. 

The nodol to oo tested is secured to the t owing girder 
by the fitting that is suspended on the pivot. The loca- 
tion of the pivot is made to coincide as nearly - as feasible 
with the position of the center of gravity of the full-size 
seaplane and the model is ballasted to bring the horizontal 
position of the actual center of gravity vertically under 
that position. If the model does not represent an actual 
machine 9 the pivot is located s omewhor e near what would he 
a reasonable position for the center of gravity if the hull 
were part of a complete machine. 

The nodol is set to the trim to "be investigated and 
the draft gage is set to read zero with the keel at the 
main step just touching the water. 

The upper part of a fixed-tri;;: data sheet as it is 
prepared "by the crow chief with the test data filled in 
is shown in figure 5. Most of the items in the heading- 
are self-explanatory, out JYO. O ivos the " job order" or 
accounting number to which the costs of the test are to 
he charged and CM. the position of the center of moments. 
?.S.D. shows that for a change in resistance (C^) of 
0.1 the deflection of the light spot on the screen is 
5.94 inches. The notation "windage compensated" indicates 
that in this particular test the windage of the exposed 
parts of the towing gear was balanced by that of a disk 
mounted on an extension of the upper inertia balance staff. 

The tine of beginning the run is entered on the sheet 
and the run n unbar is placed adjoining. Several points 
nay be obtained on the run and the first point is given 
letter a; the others follow in sequence. The predeter- 
mined load for the first point is indicated as a coeffi- 
cient (in this case 0.3) and the load for each successive 
point is similarly indicate,. 

The Qotornan is told that the speed will be 25 feet 
per second and that there will be 5 points. The weight 
nan is told that the first load will be a coefficient of 
0.3 and that the coefficients will increase to 0.7 by in- 
crements of 0.1. The dynamometer nan reports that the 
zero correction is zero, that is, that there is no weight 
in the zero correcting pan. 
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•The carriage is started and. the notornan endeavors 
to bring the carriage to exactly 25 feet per second as 
quickly as he can. He overshoots slightly and finds the 
tachometer reads 25.3 when the speed "boconcs constant • 
When the carriage is at constant .speed, he signals and a 
set of readings is taken. 

The crew .chief finds that the dial on the trinning- 
nonent spring indicates a deflection of 2/10000 inch and 
the draft of the nodel is 1«4 inches* The dynanoneter 
nan finds that the deflection of the light spot indicat- 
ing resistance is 3.8 inches. 

The dynanoneter nan takes whatever tine he dooms 
necessary to git a good record of resistance, usually not 
less than 5 seconds, then signals the crow chief. If the 
latter has his own readings to his satisfaction, he sig- 
nals the weight nan who renoves a 0^=0.1 weight f r on 
the counterweight pan, thus raising the load to = 0.4. 

The crew chief signals for a now reading and the 
process is repeated. The repetition continues until the 
end of the tank is reached - in this case without a change 
in speed. 

At the end of the run the notornan reports the read- 
ing of the tachorieter to the crew chief who enters it un- 
der "V Rdg» 11 The dynanoneter nan reports his successive 
readings as inches of deflection and they arc entered under 
M R Rdg. M He also report S that for the last point he sup- 
pressed the zero by C-^ ~ 0.05 and the correction is en- 
tered under "zero corr", " A zero correction of 0.05 corre- 
sponds to a deflection of the light spot of l/U of 6.94 
inches or 3.47 inches. 7his correction is called 3.5 
inches and added to the 5.5 giving »E net" of 9.0. It 
will he noted that the correction is added fron then until 
run 37f, where an R reading of -0.4 was observed. 

The data having been noted, the nodel is lifted fron 
the water and the carriage is returned to the south end of 
the tank. While en rout<^ the data as to resistance and 
monent are plotted and inspected to see how the curves ap- 
pear . 

As soon as the waves have quieted (usually by the 
tine the return is completed) another run is "begun at 30 
foot per second and with an initial load of = 0 . 7 . 

This tine the load is reduced by stages until, at the low- 
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est load of = 0.2, the moment spring does not indicate 

and the draft appears to "be zero. The last point of this 
run is repeated as the first of the next "but, as the record 
shows , the mo tor man misses the speed and reads 28*5 feet 
per second instead of 30. The point at a 0.2 is fol- 

lowed by one at Ga * 0#1 and then the speed is changed 
from nominal 7>0 to nominal 35 feet per second, (in reality 
S3* 0) and the load is reduced to = 0.05. 

The other notes on this sheet arc self-explanatory 
except that the "38c" in the column headed "Photo" indi- 
cates that photographs of the spray were taken as part of 
the record of that point. 

The data sheets go to the computers together with the 
developed records from the canera, and a second sheet is 
prepared - the "Summary Sheet" shov/n as figure 6. 

Host of the headings of this sheet also arc self- 
explanatory, but "Dyn. Cal. .01443" indicates that, on 
the record of resistance 9 the measured distance of the 
mean resistance line from the zero line in inches is to he 
multiplied "by C. 01^43 to reduce it to terms of C R . "Mo- 
ment Calibrat ion Y-3" indicates the particular calibration 
to "be used for the reading of the moment spring dial in 
order to reduce it to terms of Cm** 

The true speed for each point is determined from the 
record by counting the record of the :iunber of feet in a 
given number of seconds, is reduced to Cy, and entered 
under "Sxjeed Coef." 

The distance of the mean resistance lino from the zero 
line is measured in inches, converted to Cp , and entered 
as "Gross E Coef." The z cro correction is taken from fig- 
ure 6 and entered as "Zero Coef." In this case, there is 
no correction for v/indago of dynanoneter structure; if 
there were, it would be entered in coefficient form under 
"Wind. Coef." Finally undo:.' "?i Ccef." the algebraic sum 
of the "Gross E. Coef.," "Zero Coef.," and "V/ind. Coef." 
is entered as the final value of C R for that point. The 
other conversions are obvious. 

The records of the points shown on figures 5 and 6 
v/cre not siiitablc for reproduction. 
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The data from the simnary sh.cot ( fir. 1 . 5) are plot- 
ted on a separate sheet for each value of T with Cy 
as abscissa, Cp u and By as ordinates, and as pa- 

rameter, giving the well-known families of curves as in 
figures 7 (a) and 7 (b) . 

In order to obtain a view of the manner in which the 
values of and Ow vary with trim, the curves are re- 

plotted as cross curves at selected values of Cy with 
T as abscissa, as paraneter, and Cp and as 

ordinates. The cross curves derived fron the sunnary 
sheet of figure 6 will bo found on the right-hand side of 
figure 3 for Cy = 4. 5. 

This description has included only a part of the data 
fron the tests of this model hut enough to illustrate the 
nethodo The conplete data for K.A.CwA* nodel 74-A will he 
found in reference 4. 

USE 0? THE DATA 



As a result of our studies of methods for using data 
fron tank tests of node Is of hulls of seaplanes, we have 
cone to the conclusion that the relative merit with regard 
to resistance of f orris for hulls can he determined only by 
considering each f orn as part of a specific conplete sea- 
plane and n ok in g take-off c onput at i ons for each, Each 
take-off computation will give quantitative results that 
can he compared with similar results fron the others* In 
addition, there must be a qualitative comparison to deter- 
mine the relative merits as to spray and, eventually, as 
to porpoising and behavior in a seaway. 

The methods of plotting and presenting the results of 
tests that have just been described are well adapted for 
this work. An example, in which the data that have just 
been present cd .w ill be used, will be the best demonstra- 
tion. The computation is for sea level and no wind* 

Lot it be as suned . that it is proposed to use a hull 
having the form of I7.A.C.A. model 74-A, as shown in figure 
9, for a very Large flying boat such as has been suggested 
by the United States Maritime Commission for possible fu- 
ture tro,:is -At lant ic usot Accepting the assumptions made 
in that report j we have: 
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Gross weight ........ 250,000 lb- 

Wing loading 45 lb./sq. ft. 

Engine power, Sfoninal* . . . 12,000 b.hp. for 

tr.!:o-of f 15 ,000 

The uunbor of engines and the details of the propellers arc 
as yet unknown but , iron previous computations and experi- 
ence, there is a thrust curve for a seaplane having a 
Bnaller power with four ©nginos and it is assumed that 
the thrust of the propellers will "be proportional to the 
power • 



Iho wings are 



cent chord width over 60 
starting, the flaps are 
test of a nod el having a 
w Ing an d hull, there are 
curves of the complete c 
of the various component 
drags are corrected to s 
and the drag of the hull 
corrected for scale, and 
corrected for ground off 

VJinr: area 



;uned to have split flaps of 20 per- 
percent of the span and, in 
set 30° down. From a wind-tunnel 
somewhat similar arrangement of 
obtained the lift and the drag 
raft and the lifts and the drags 
B« The curves of hull and paras it 
uit the difference in wing loading 
is deducted,. The maximum lift is 
the lift and the drag curves are 
ct. [There follows: 



,560 



s q. • f t • 



Geometric aspect ratio (assumed). . ■ 

Span • 

U e an chord • • • • 

Height of wing above water (assumed). 

Height of thrust line above center 
of gravity (assumed) 



10 

236 ft. 
2o • 6 ft. 
20 ft. 

8 ft . 



The angle of wing setting relative to the hull will 
have a considerable influence on the performance. If it 
is made too low, the hull will trim too high during the 
high-speed part of the run; if it is made too high, the 
hull will be down by- the bow in flight*. A compromise is 
necessary, but it can be made intelligently by assuming 
several angles and making preliminary computations for 
each according to the following method.. It is not ncces- 
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sary to make .the cunploto calculation "but only the part 
that covers the high-speed range. In this particular 
problem the angles of wing 'Setting considered i'cro 5°, 
7°, and 9°. Inspection of a sketch showed that 9° would 
he sure to -cause the hull to bo too much down by the bow 
while cruising and this angle was net computed. The 
curves of high-speed resistance for wing settings of 5° 
and 7° (fig, 10) show that 7° gives a lower high- speed 
resistance than 5°, and consequently: 

Angle of wing setting 7° 

• The curves of lift and drag coefficients of the aero- 
dynamic structure, assumed to be generally similar to that 
of the earlier model, are now replotted against trim of 
hull for an angle of wing setting of 7^, instead of against 
the angle of attack of the wing giving figure 11. This new 
plot is not essential but it reduces the probability of 
errors • 

The best size of the hull cannot be predicted from the 
data from the test of the model. It may be found to be 
anything between that corresponding to a load coefficient 
at rest, = 0„o5> and the corresponding to = 1.0 

or more, according to the 1 ength-b can ' rat i o and the other 
conditions of 'the x^roblem. In the case of the form of 
model 74~A, the linos were drawn and the water line at rest 
'was "assumed at ' C a _ " = ' 0 . 60 . In ' other 'words , the form was 

imagined as starting at that value of C* and the flow 

and^spray were imagined to suit, as must be the practice of 
every designer of hulls. 



In this particular co.se, an estimate of get-away was 
made for three values of C A? : 0. 50, 0.55, and 0.60. It 

was found that = 0.55 gave the best result and the 

work only for that value will be described in more detail. 

Prom t he ass ump tions t ha t * 

Ca e - 0.55 

" • • . 4 A a = 250 ,000 lb. 

and- v-.</r,i. •;«*-.: «> ■. v • ; . .. 

v/ = 64 lb. per c u . ft. (for sea water) 
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it follows that : 



2/ 250000 
bean, b = / = 19.21 ft. 

V 54 X 0.55 



and consequently that 





A 




A 


64 X 


(12 


.2l) 3 


455000 




B 




g 


64 x 


(IP 

M 


.21) 3 


455000 


64 x 


(19 


• 2) 4 


3750000 




w 




V 








24.9 




I X 


19.21 


the 


dra 


g of th 


c acrodynanic 


oil ow s : 







(1) 



C E . : — - (2) 



:, : = = (3) 

(4) 



L = 1/2 X 0.002378 X 5560 C L V 2 = 6.60 C L V 2 (5) 
D = 1/2 X 0.002378 X 5560 C D V 2 = 6.60 C D V (6) 



As 6 first approximation , the ,~e t-away speed is as- 
sunccl to be 115 percent of the stalling speed. The stall- 
ing speed is obtained fron 

250,000 = 6.60 X 2.3 Vg 3 



250000 

vnd 7 e 

5 

6.60 X 2.3 
= 128 ft. per sec. 
Y, = 1.15 x 128 

= 147 ft. per sec. 
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//hen the resistance curves similar to figure 7(a) for 
this node! are exanined they chow that - as night have 
"been expected "because of the low step and lev/ angle of 
afterbody keel - there are large increases in resistance 
(obviously caused by vetting of the afterbody) for a 
range of speeds that includes the V g just assumed and 
for trims of 6° and above. The curves for 3°, 40, and 5° 
show no such increases. The trin at take-off, therefore, 
must not exceed 5° and, if take-off occurs at 5°, 



j *;50 0 r :G 



^ J 6.60 x 1.74 



= 147.5 ft. ' j e r sec. 



In this case the difference is insignificant and 
either value of Y r can he used in the c onput at i ons . Had 
the difference "been ^reat , a study would have been made of 
the Uniting conditions indicated by the results of the 
tests and the approxinate value would have been selected 
to suit. 

The resistance at a few points over the hunp and a 
few r.ore at the 5° trim just preceding the .^et-away, when 
computed by the present method and compared with the 
thrust at those speeds, shorn that in both ranges the thrust 
available for acceleration is very nearly the same. This 
condition is considered a desirable one and the complete 
c omputat ion is undertaken* 

If the excess thrusts differed greatly, the size 
would be altered - increased to decrease hump resistance 
and increase high speed resistance, or decreased to in- 
crease hunp resistance and decrease high speed resistance - 
until the desired condition was obtained. 

The curve of the expected thrust in pounds is drawn 
against speed in feet per second as abscissa (fi.s- ll) and 
preparations are made to derive the curve of resistance 
free-to-trim - taking into account the trimming moment 
produced by the thrust. The curve will be derived to ex- 
tend beyond the point where running at best trim under 
the control of the pilot is possible. 

A computation sheet is prepared, consisting of verti- 
cal columns and horizontal lines. The columns are headed 
in order with the values of Cy used in preparing the 
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cross curves of C v and C-.* of the model. For each of 
the values of Cy, the procedure is the sane. 

In table I three columns taken f r on a full sheet are 
reproduced for the purpose of illustrating the method. In 
addition to the symbols at the left, for the successive 
I tons in each colunn, there are given at the Eight the def 
inition of each iter.:, the unit in which it is expressed, 
and its derivation. 

The derivation of iter: 8 - trim (first approxi- 

mation) , in norc detail, is as follows: Enter the moment 
curves of figure 3 at the value of Cj v j equal, and OTJpo- 
slte in s i gn f to the value of Cv n » Follow horizontally 
to a -point corresponding to the load parameter of Ca 

&PP 

It will he necessary to use care in interpolation. The 
value of the abscissa of the point is the approximate 
trim t . 

V/hcn itom 12 - Ca - load coefficient - is found, it 

should he con-pared with the value of iten 7 - Ca - and 

a app 

if the a^reencnt is not reasonable, the value of iten 12 
should he used as a second approximation and items 8 to 12 
should he conputed a second tine. 

The value of item 14 - Cp t , resistance coefficient - 
is obtained "by entering the cross curves of figure 8 and 
going vertically up the value of T to find the value of 
C^ corresponding to the value of t and 64* 

The values of H + E , obtained on the computation 
sheet plotted against speed on figure 12, ;;;ive the curve 
of resistance f ree-t o-t r in • 

It is assumed, however, that the craft is permitted 
to travel free-to-trim only tc a speed of 55 percent of 
the get-away speed and that from then on the pilot will 
control the trim to give nininun resistance. 

It then becomes necessary to determine at what trims 
the machine shall he held at high speed in order to 00- 
tain nininun total resistance. The simplest way is to 
determine the curves of total resistance at a number of 
trims and then to prescribe the trims corresponding to the 
lower envelope of the curves. This operation is somewhat 
simpler than the previous one because the fixing of the 
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trim t fixes the values of C L and Cjj for the whole 

range of values of Cy iron shortly after the hump to 
well "beyond the assumed value of Y 

The- operation is as follows: 

Assume the values of T for which the curves are to 
1e derived. Normally, the values range from 3° to 7° by 
1° intervals but in this case we knew that T cannot ex- 
ceed 5° without excessive resistance, so we assume 3°, 4°, 
and 5°, and obtain the values of C L and for each 
from figure! n. 

For each value of T assuned, a computation sheet is 
prepared - generally similar to the j3revious ono ~~ anc1 - ^- ie 
procedure is nueh the same. The colunns are headed, in 
order, with the values of Cy covering the range of speeds 
to he investigated as found in the cross curves of and 
Qvj of the nodel, and for each of the values of Cy the 
procedure is the sane. Tahle II shows three colunns taken 
f roil a full sheet, with notations as in tahle I. The deri- 
vation of it en 6 - Cp, resistance coefficient - is the sane 
as for iter. 14 of tahle I. 

ft on the values of 1 + D for each value of T, a 
series of curves dan he -plotted showing the resistance of 
the complete craft at the various fixed tr ins fron near the 
hunp to where the craft is air-home. It will he found 
that the curves interlace, now one and now another "being 
the nininun. If the trin of the machine can he controlled 
to keep on the nininun, the take-off will occur in the 
nininun tine and distance* 

In figure 13 the passage fron free-to- trin to fixed 
trin is indicated by the arrow head. It will he ohserved 
that, although 4° gives the nininun resistance alnost to 
get-away,- a pull up to 5° just at the end reduces the re- 
sistance quite sharply and leads to the get-away. 

In figure 12 the points indicated by triangles cor- 
respond to the tabulation at Cy » 2.6 free-to-trim; those 
indicated by circles correspond to the tabulation at Cy = 
4.5 at fixed trin of 4°. The sane symhols apply in figure 
11, where the lift and drag are derived, and in figure 8 , 
where the approximate trim and resistance free-to-trim and 
the resistance at fixed trim are obtained from the cross 
curves. 
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Figure 12 shows only one combination, as worked out 
for - 0.55. Similar curves for other values of 

can. he obtained and a complete survey can be made of the 
effect on the resistance of the various values, 

The simplest and most rapid method of estimating the 
time and distance to get-away that we have been able to find 
is given in reference 5 and it is applied in figure 12 • 
Starting at zero speed and resistance , a lino is drawn as 
indicated with a slope of II on g whore W is the gross 
weight of the machine and g is the speed reached in 1 
second tinder the acceleration of gravity, W is pi ot t ed 
at the, scale of R and thrust and g at the scale of 
speed, ./hen this line intercepts the curve of the thrust, 
it is turned back at the same. angle with the vertical, but 
on the other side, and the zig-zag is continued until the 
get— away is reached.. The time in seconds to get-away is 
the number of times the line is reversed, or intercepts 
the two curves* The distance to get-away is the sum of 
the respective abscissas to the point's where the line ro- 
ver s cs , reading theia as distances instead of speeds. In 
this case the time to get-away is 8.3 seconds and the dis- 
tance run is 7,770 feet. 

This method of obtaining time and distance to get- 
away is especially helpful where alternative curves of re- 
sistance or thrust are encountered because it is simple to 
apply and yet it brings out very clearly the effect of any 
changes in the forms of the curves. 

Comparisons to determine the relative merits as to 
spray, porpoising, and behavior in a seaway have not been 
made at the ii.A.C.A. tank, but it is hoped that some day 
they can be made, For the present we present this brief 
survey of the novel features of our tank, the methods of 
testing models, and the methods of using the data in the 
hope that they will assist those who used the reports of 
work in the iT.A.C.A. tank to understand how and why cer- 
tain features are as they are and thus to use the reports 
with greater ease. 
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Figure 1.- The relative dimension* of the 

original and the enlarged N.A.C.A. 

tank. 

A. Towing gear atsembly 
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Original Extension 
2.- Cross sections of the original 
and the enlarged N.A.C.A, tank. 
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Figure 4.- Arrangement of the 
towing gear of the 
enlarged N.A.C.A. tank. 
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Figure 3.- The general arrangement of 
the towing carriage of the 
enlarged N.A.C.A. tank. 
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Figure 5.- Sheet for recording data from general test 
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Figure 8.- Variation of Cr and Cy with 

T at Cv*2.6 and 4.5. 
C A parameter. 
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Figure 7b.- Variation of Cu with Cy at 
T=4°. CA parameter. 
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Figure 12.*- Variation of thrust and resistance 

with speed. Construction for ob- 
taining time and distance to getaway. 
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Figs. 10, 11 
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Figure 10. - High- speed resistances forsnglos of wing 
setting of 5° and 7°. 
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Figure 11.- Variation of C L and Cm of aerodynamic struc- 
ture with trim of hull. 



